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Introduction. 
It  cen  be  said  -ithout  ferr  of  succd-sful 
contrF.r'iction,  th?t  our  sudden  entry  in  the  "T^orld 
War",  although  pn  evil  in  itfelf,  fpf.  not  without 
its  reaoerrilne  features.   (^ur  Pfcsolute  dependence 
upon  Gerir.pny  for  our  chemicalF  more  prrticulfrly 
the  dyestuff  chemicals,  v;as  a  matter  that  was  only 
too  well  known.   Therefore,  when  Cxerraany's  market 
was  so  suddenly  clos-id  to  our  insistent  buyers,  a 
serious  crisis  was  reached  '.^hich  needed  immediate 
attention.   The  existins  stocks  o-f  the  more  staple 
chemicals  -ere  not  very  gr^at,  and  then  sudden  ces- 
sation of  further  additions  to  them,  boosted  their 
prices  to  previously  unknown  avK"   undrermed  of  heights, 
This  state  of  affairs  is  very  aptly  shown  by  the 
chart  for  the  price  ^'ariaticns  of  resorcinol  dur- 
ing a  period  of  four  years  which  is  given  on  an- 
other page. 

Germany's  method  of  ruthless  trade  warfare 
never  did  alio*  America  to  become  a  successful  trade 
competitor  in  the  chemical  industry.   In  spite  of 
protective  tariffs  and  other  helpful  measures,  Am- 
erica was  never  able  to  compete  successfully  with 
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Germany's  V7ell  organized  and  governnent  favored 
industry.   It  can  erslly  be  seen  that  conditions 
were  in  a  sad  raej^s  when  Germany's  market  was  sud- 
denly closed  to  us.   Following  this,  an  appeal  was 
made  to  the  American  chemist  and  chemical  engineer. 
How  well  this  appeal  has  been  answered  is  self-evi- 
dent to  those  who  have  watched  the  progress  of  the 
chemical  industries  in  the  United  States  during  the 
past  five  years. 

These  problems  which  so  suddenly  confronted 
our  chemists  and  chemical  engineers  in  the  early 
years  of  the  great  war,  were  not  solved  overnight. 
It  has  been  a  hard  and  painstaking  task,  and  the 
success  that  has  attended  the  chemists  and  chemical 
engineers  is  not  only  due  to  their  perseverance  and 
labor,  but  a  great  measure  of  deserving  praise  must 
also  go  to  the  men  who  were  willing  to  assume  an 
initial  loss  and  still  keep  on  financing  the  work- 
ers.  The  authors,  at  a  lecture  on  dyestuffs  in 
1918,  were  shown  a  jar  containing  two  pounds  of  a 
fast  blue  dye  which  was  the  product  of  twenty  thous- 
and dollars  worth  of  endeavor  and  labor,  and  the 
speaker  made  the  remark  that  it  would  cost  m^ny  times 
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the  Initial  ^20,000  before  the  product  could  be 
made  on  a  commercial  scale. 

Many  of  these  problems  have  been  solved  satis- 
factorily.  There  are  other  problems  which  heve  not 
been  fully  solved  and  T'hlch  ^'ill  reqtilre  many  years 
of  work.   Then  again,  there  are  other  problems  which 
appear  on  the  surface  as  if  they  viere  fully  solved 
but  which,  upon  closer  investigation  will  be  shown 
to  permit  of  a  good  many  refinements  and  economies 
in  their  method  of  execution  so  that  the  cost  of  manu- 
facture cr.n  be  brought  down  considerably.   It  is  one 
of  these  latter  problems  that  has  attracted  the  au- 
thors' attention  and  in  the  following  thesis,  an  at- 
tempt has  been  made  to  apply  a  few  refinements  to  the 
preparation  of  resorcinol.   In  reality  it  is  a  study 
of  resorcinol  production,  as  the  title  of  the  thesis 
indicates, 

P.esorcinol  is  a  definite  chemical  compound,  be- 
ing the  meta-  di-  hydroxi  derivative  of  benzene  and 
its  formula  is  C  H^  ('-'^^2  '^*      ^^   finds  its  great  use 
and  importance  as  a  pharmaceutical  preparation  and  as 
an  intermediate  product  in  the  manufacture  of  "coal- 
tar"  dyes.   It  is  a  remarkable  fact  that  resorcinol 
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can  be  prepared  froin  ortho,  meta,  or  para  bi'om- 
phenol  p.nd  from  meta  or  para  benzene-disulf onic 

acid.   It  can  also  be  prepared  from  n.-phenol- 

sulfonic  acid,  m^iodo -phenol,  p-chlor-benzene- 

sulfonic  acid  and  from  many  resins  by  pn  alkali 

fusion. 

Pesorcinol  crystallizes  in  rhombic  plates  from 
alcohol,  p-ther,  and  water  and  in  needles  from  ben- 
zene.  It  is  very  soluble  in  ethyl  alcohol,  amyl 
alcohol,  ether,  and  water;  and  it  is  insoluble  in 
carbon  disulfid  rnd  chloroform.   Upon  exposure  to 
the  air,  the  crystals  become  brown.   Ferric  chlorid 
colors  an  aqueous  solution  of  resorcinol  a  dark  vio^ 
let  color  which  disappears  upon  the  addition  of  sod- 
ium acetate:   It  reduces  boiling  ammoniacal  AgNOg 
and  boiling  Fehlings'  solutions.   It  acts  therapeu- 
tically like  phenol,  only  more  mildly.   Its  reactions 
are  characteristic  of  phenol. 

The  accompanying  chart  prepared  by  ThomFS  H. 
Norton  entitled  "Derivation  of  Leading  Coal-Tar  Col- 
ors, /dapted  from  the  'Coal-Tsr  Tree'  of  K,  Von  Brunck, 
director  of  the  Badische  Aniline  and  Soda  Fabrik"  and 
found  in  the  supplement  to  the  issue  of  the  Oil,  Paint 
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end   Drue  Reporter,  October  2,    1916,  Bhows  the  re- 
Irtion  of  resorclnol  to  some  other  copI  tar  pro- 
ducts.  A  few  other  dyes  for  which  it  Is  used  sre: 
Fast  green  (dinitroresorcinol ) ,  the  dyes  derived 
from  fluorescein,  Sudan  G,  Resorcine  yellow.  Acid 
alizarin  garnet  R,  Resorcine  hrown.  Past  brown, 
Pyraraidol  brown  BG  and  T,  Congo  4R,  Isodiphenyl 
blac]:  R,  Coomassie  union  blacks,  Congo  brown  G, 
(Direct  bro^n  GR )  Congo  brown  R,  Azocorinth  and 
Hessian  brown  BBN. 

The  present  price  of  resorcinol  is  about  eight 
times  that  of  pre-war  days  when  the  common  whole- 
sale prices  of  the  crystals  was  '^0.80  to  "^CSS  a 
pound.   The  present  market  quotations  have  been  fair- 
ly constant  for  a  time  at  ^6.00  a  pound.   No  appar- 
ent reason  can  be  found  for  the  maintenance  of  such 
a  high  price  and  that  is  one  reason  why  the  problem 
of  the  manufacture  of  this  chemical  cannot  be  con- 
sidered to  be  completely  solved.   In  the  accompany- 
ing curve  No.l,  there  is  shown  a  record  nf  the  change 
in  the  vholesfle  market  price  of  this  chemical  for 
the  past  six  years,  starting  with  Germany's  entry 
into  the  wpr. 
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The  remarkRble  changes  shoi^n  in  the  market 
price  of  this  item  reached  its  rnfiximum  in  the 
last  couple  of  months  of  1916.   The  first  adver- 
tisement for  its  sale  by  an  American  mpnufactnrer 
appeared  in  the  Oil,  Paint,  and  Drug  Reporter  a- 
bout  September  1916,  when  the  market  price  had 
reached  about  if 25. 00  a  pound.   The  market  con- 
tinued to  advance  until  it  reached  ^^35. 00  a  poiind 
in  the  latter  part  of  the  same  year.   With  the  e- 
normous  profits  at  the  above  market  price  as  an 
incentive  for  the  chemical  manufacturer's  entry 
into  this  field,  competition  gradually  increased 
and  slowly  caused  a  continual  decline  in  the  mark- 
et price  until  the  present  quotation  of  *6.00  a 
pound  was  reached.   In  the  authors*  minds,  there 
is  no  logical  explanation  for  the  fact  that  re- 
sorcinol  sells  for  a  price  fifty  times  greater  than 
that  of  phenol  which  at  present  is  quoted  for  '"'0.12 
a  pound.   In  the  manufacture  of  both  of  these,  the 
same  operations  are  followed,  the  only  difference 
being  that  higher  concentrations  of  reagents  and 
higher  temperatures  are  utilized  in  the  preparation 
of  resorcinol  and  different  solvents  are  used  for 
extraction. 
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The  author's  attacked  this  problem  vith  the 
idea  that  the  present  nethod  of  preparing  reporcinol 
could  not  be  inproved  upon,  except  in  one  or  two 
minor  details.   Bearing  in  mind  the  fact  that  the 
extraction  of  the  rep.orcinol  from  the  neutralized 
solution  with  ether  or  amyl  alcohol  is  too  expen- 
sive and  entails  too  grept  a  loss  of  ether;  the  au- 
thors will  attempt  to  sho?/  in  this  thesis  that  a  more 
feasible,  practical  and  economical  vay    to  extract  the 
resorcinol  consists  of  extraction  with  alcohol  from 
the  salts  which  have  been  brought  down  to  dryness. 
The  reason  for  this  is  very  apparent  when  it  is  noted 
that  Tain,  in  his  "Manufacture  of  Intermediate  Pro- 
ducts for  Dyes"  page  127^  says  that  "for  e?ch  5  kilos 
of  resorcinol,  1  kilo  of  ether,  or  1  per  cent  of  the 
amount  used  is  lost."   In  actual  practice  this  loss 
runs  higher. 

For  their  kind  and  helpful  suggestions,  the  au- 
thors T'ish  to  express  their  deep  appreciation  to  their 
friends,  especially  Professor  FcCormack  whose  prac- 
tical suggestions  were  of  great  assistance:   Vv'e  are 
also  indebted  to._D»^^.  Cable,,  and  J.I.  Prest  of  the 
class  of  1918  Those  thesis  we  have  freely  consulted. 
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Theoretical  and  Practical  Considerf tions. 
In  the  preparation  of  the  sodium  salt  of 
m-  benzene-disulf onic  acid,  and  in  the  suhse- 
quent  fusion  with  caustic  alkali,  the  authors, 
having  had  no  practical,  commercial  experience, 
applied  the  methods  and  general  outlines  given 
in  the  chemical  literatiire. 

When  benzene  is  heated  with  strong  sulfuric 
acid,  either  the  mono-  or  di-sulfonic  acid,  or  a 
mixture  of  the  two,  is  formed,  depending  upon  the 
concentration  of  acid  used  and  the  temperature  of 
sulfonation.   When  ?•  64°  Be'  acid  is  heated  with 
benzene  at  a  temperature  just  below  the  boiling 
point  of  benzene,  the  mono-sulfonic  acid  is  the 
only  product  of  the  reaction  after  seven  or  eight 
hours  heating.   The  di-sulfonic  pcid  miay  be  pro- 
duced by  using  fuming  sulfuric  acid  with  the  ben- 
zene, first  at  the  low  temperature  for  two  or  three 
hours,  then  at  a  high  temperature,  about  250° C. 
The  sulfonation  at  the  two  different  temperatures 
can  either  be  carried  out  in  one  operation,  or  in 
two  operations. 
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/ccording  to  Cain,  "  Interir.ediete  Products 
for  Dyes",  p«C^  126  in  the.  preparation  of  benzene- 
m-  diBulfonic  acid,  "Ninety  kilos  of  fuming  sul- 
furic acid  are  placed  in  a  cant  iron  pan  fitted  with 
a  stirrer  and  refliuc  condenser  made  of  a  lerden  coil, 
and  24  kilos  of  benzene  are  added  in  a  thin  stream 
thru  the  condenser.   The  temperature  gradually  rises 
to  the  boiling  point  of  benzene,  and  after  two  to 
three  hours,  the  latter  is  converted  into  the  mono- 
sulfonic  acid.   The  refliix  condenser  is  then  shut  off 
and  the  pan  is  connected  with  an  ordinary  condenser. 
The  temperrture  is  now  raised  gradually  to  P75°,  and 
rater  and  a  little  benzene  distil  over.   After  heat- 
ing for  about  twenty  minutes  at  this  temperature, 
the  mass  is  allo^'ed  to  cool,  and  is  blovn  into  2000 
litres  of  water.** 

According  to  Behrend  end  Bertelsmann  (Annalen, 
1911,378,352)  the  sulfonation  of  benzene  by  pure 
concentrated  HgSO,  at  240°  -  250°  results  almost  ex- 
clusively in  the  formation  of  the  m-  disulfonlc  acid, 
less  than  one  per  cent  of  the  para  isomeride  being 
produced  after  one  and  one  half  hours  heating.   The 
addition  of  a  little  mercury  causes  the  formation 
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of  the  m-  and  p-  acids  in  the  proportion  of  2:1; 
ferrous  sulfate  acts  similarly  about  lOf^  of  the 
para-di-sulfonic  acid  being  produced. 

•  Polak  (Rec.  trpv.  chira. ,  1910,14,416)  reports 
that  the  sulfonation  of  benzene  sulfonic  acid,  either 
with  fuming  HgSO^  or  with  9Bf.   HgSO^,  results  in  com- 
plete sulfonation  to  di-sulfonic  acid  at  209°  while 
at  233°,  some  tri-sulfonlc  acid  is  formed. 

Lamberts  (G.P.  1137S4)  mixes  benzene  with  five 
times  its  weight  of  sodium  hydrogen  digulfate  NaE^ 
(30^)2  (prepared  by  heating  sodium  bisulfate  with 
60°Be'  HgSO^)  and  heats  the  mixture  gradually  to  200° 
where  it  is  kept  for  some  tine.   Upon  dilution  and 
treatment  with  nil!:  of  lime,  the  filtrate  consists 
of  a  solution  of  the  sodium  salt  of  the  disulfonic 
acid. 

In  our  work,  we  followed  Cain's  method  fairly 
closely.   The  reaction  is  as  follows. 


Ci 


A-  +^Ms^^  ->  ::^rr  ^-^y^^ 


In  the  preparation  of  the  di-sulfonic  acid,  the  en- 
tering acid  groups  follow  the  general  substitution 
rule  and  the  main  product  of  the  reaction  is  the 
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meta  compound. 

The  soluble  di-sulfonic  acid  is  now  separ- 
ated from  the  excess  sulfuric  acid.   This  is  ac- 
complished by  precinitatinc  the  excess  sulfuric 
acid  7/ith  milk  of  lime,  filter  off  and  wash  the 
precipitated  calcium  sulfate.   The  separation  is 
possible  because  of  the  fact  that  calcium  and  other 
base  metals  like  barium  and  lead  form  soluble  salts 
of  the  di-sulfonic  acid,  and  insoluble  sulfates. 
Comnercially,  the  conversion  to  the  calcium  salt, 
and  its  subsequent  separation  from  the  insoluble 
sulfate  is  accomplished  by  blowing  milk  of  lime  in- 
to a  solution  of  the  sulfonation  mixture  contained 
in  a  lead  lined  tub  fitted  with  an  agitator  and  a 
perforated  lead  steam  coil,  until  the  mass  is  very 
nearly  neutral.   Complete  neutralization  is  then 
effected  by  adding  precipitated  CaCO^  which  is  ob- 
tained from  the  next  operation.   The  neutralized 

mixture  is  then  filtered,  and  the  CaSO   is  washed 

4 

thoroughly;  the  filtrate  containing  the  soluble 
calcium-  n-benzene-di-sulfona te  is  then  ready  for 
conversion  to  the  sodium  salt. 
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^  c, 
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The    reaction    is    ?s    follow?.  ^   c*^V'«'      j>crv 


/y^<?j 


+  3/^>0  ■/  CO^ 


Dennis  (U.'^.p.  12P!7252)  jiropofsef;  to  treat  e 
F.ixture  of  benzene  dlF.ulfonic  acid  nnd  H2S0^,  with 
henzenc  rhich  dissolvf  s  the  Bulfonic  acid  but  not 
the  Hp^O  ,  ?^n6    then  trerts  the  solution  vith  p  suit- 
able conpound  to  form  ?  salt  of  tlie  sulfonic  acid 
which  is  relatively  insoluble  in  the  benzene. 

In  the  conversion  of  the  calcium  salt  to  the 
sodium-  salt,  the  filtrate  from  the  preceding  operr- 
tion^  is  stirred,  and  a  solution  of  NSgCO^  is  gradual- 
ly added  until  a  filtered  sample  gives  no  precipitf te 
of  CaCO^  upon  the  addition  of  a  little  ^^2'^'^o'      ^'^ 
ehould  also  not  ^ive  a  precipitate  with  a  soluble  cal- 
cium saltj  shoring  that  the  liquid  has  been  exactly 
neutralized.   The  precipitated  CaCO^  is  filtered  off, 
and  thoroughly  "cashed  to  -free  it  from  the  sodium  salt; 
it  is  then  used  in  the  preceding  operation  for  neutraliza 
tlon.   The  solution  containing  the  sodium-salt  is  then 
evaporated,  and  finally,  thoroughly  dried  under  a  vacmim. 
The  dried  salt,  known  rs  the  "silver  salt",  is  now  ready 
for  fusion  with  caustic  NaOH. 
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The  rt;&ction  is  f  s  follovs 


In  the  fusion  with  csustic  alkeli,  a  consider- 
ehle  excess  of  NaOH  Is  used.   The  rt^ection  is  con- 
ducted in  a  cast  iron  kettle  with  means  for  con- 
tlnuoiis,  mechanical  agitation,  while  the  fusion  ;^Fss 
is  kept  at  about  280^  for  7  to  8  hours.   As  a  re- 
sult of  this  fusion,  the  sulfo  radicals  are  re- 
m--ved  and  sodium-  m-di-phenoxid  is  the  product  ob- 


tained.  The  reaction  is, 


By  acidifying  the  solution  of  the  fusion  mass  to  the 
neutral  point,  and  then  by  the  subsequent  proper  ex- 
traction, the  resorcinol  is  obtained.   By  this  acidi- 
fication the  Na  atoms  are  replaced  by  the  H  atoms. 


OM 


The  reaction  is, 


Cy^' 


There  are  two  conmon  ^'vi'z   of  making  the  caustic 
fusion;  first,  in  an  open  kettle;  and  second,  in  an 
autoclave.   The  first  is  the  more  conp^.on  method,  and 
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and  is  descrited  to  the  Greatest  extent  in  the  lit- 
erature.  The  second  method,  however,  is  coming  in- 
to greater  use  right  along.   /■ .  H.  Ney  and  D.  J,  Van 
M<?rle  in  their  article  on  "The  Processes  of  the  Or- 
ganic Chemical  Industry  Used  in  the  Iianufactnre  of 
IntermiediPte  Products/'  puhllsh.ed  in  the  ^''et.•  llur- 
gical  Fnd  Chemical  Fngineering  f^agazine  February  15, 
1917,  say,  "In  the  fusion  "^ith  caustic  sodp>  the 
sulfonic  acid  probf bly  first  goes  over  into  an  ester 
of  sulfurous  acid  vhich  subsequently  is  decomposed 
into  a  phenolic  body  rnd  sodium  sulfite.   This  reac- 
tion take^  place  only  at  a  high  temperature,  which 
mpkes  it  necessary  to  use  an  excess  of  caustic  to 
keep  the  mixture  in  a  liquid  state  at  this  tempera- 
tiare,  but  as  many  organic  compounds  are  easily  ox- 
idized in  the  presence  of  caustic  sodr  at  a  high  tem- 
perature, ....  a  considerable  amount  of  P".fterial 
is  lost  through  cxid?tion  and  leaves  the  ^^ield  much 

to  be  desired This  can  often  be  improved  bj 

carrying  out  the  caustic  fusion  with  vFter  in  auto- 
claves under  pressure,  which  allows  the  amount  of 
caustic  sodp  to  be  cut  do^'n  materiolly  and  prevents 
oxidation.   The  disadvantage  of  using  autoclaves  is 
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their  limited  capacity  and  the  lone  tine  required 
for  thf^ir  onerfitlon.  ....   In  the  case  of  dl- 
Rnd  trl-  sulfonic  acids,  however,  a  nuch  larger 
excess  of  cpn.stic  sods  hrs  to  be  used  (than  in  the 
case  of  the  mono-sulfonic  acid)  and  here  generally, 

the  use  of  autoclf^ves  rill  be  preferred 

In  thes-e  higher  sulfonic  acids,  the  sulfonic  acid 
groups  are  not  all  at  once  replaced:  benzene-  m- 
dlsulfonic  pcid,  for  instance   first  being  convert- 
ed into  phenol-m-sulfonic  acid,  then  into  netp-di- 

oxybenzol  or  resorcinol 

Caustic  fusions  are  carried  out  either  in  op- 
en cast  iron  kettles,  in  which  the  caustic  soda  is 
fused  and  the  sodium  sulfonate  gradually  added,  or 
in  nnt'-'Claves  under  pressure.  ....   Botli  auto- 
claves and  fusion  kettles  are  provided  with  an  agi- 
tator nnd  art  x^laced  in  a  furnace  which  is  heated 
by  oil  or  gss  ps  the  temperature  to  which  the  mix- 
ture Is  heated  is  often  abo^it  300°C." 
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Oalc^alatlons* 

In  ofir  experirnentrl  work,  it  vpf.    deelred  to 
sulfonate  ^'ith  a  100. 9^^  funing  HgSO.  which  is  equiva- 
lent to  4^'  free  SO^.   The  only  pcids  obtainable  in  the 
laboratory  rere   those  of  104. 5f   fuming  HgSO^  and  9ef 
Egl50^.   The  104.5,'^  HgSO^  was  therefore  diluted  vith 
the  96f   acid  according  to  the  following  equation, 

X  =  1(104.5  -  100.  P)  -    3.6   =   3 
(100.9  -  96~)     3.4      4 

in  which  x  equrJ.s  grams  of  100.9;^  acid;  Therefore,  for 
every  grprn  of  104. 5<  HgSO^,  ^  gram  of  96f  H  SO^  was  add- 
ed, and  this  ratio  gave  the  desired  100. 9f^  HrSO.. 

Sp.  G.  of  100. 9<  HgSO^  :   1.869 

Sp.  CT.  of  104. 5<  Kj^SO^  =   1.9275 

Sp.  G.  of  965  H^^SO^    z      1.84 

1000  grans  of  104, 5f  acid  equals  1000  or  518cc. 

l.<5?75 
750  grams  of  96^  acid  equals  750  or  408c c.   Therefore, 

T7^4 
518CC  of  the  104. 5^  acid  added  to  408cc  of  the  96^  acid 

gave  926cc  of  the  100. 9^  acid  whicli  was  used  in  the  sul- 

fonrtions,   When  further  quantities  of  acid  were  desired, 

the  above  ratio  was  followed. 
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CgHg  -h     H2SO4  -^   CGH5SO3H  -+      HpO 
78         98  18 

100         X  y 

78     98 

Too  ■  X   x'^'  125.8 

'.  •  12c.  8  grams  of  100<  Hr;S0^  pre  required  to  sulfon- 
ate 100  graras  of  benzene  to  mono-sulfonlc  acid.  But 
4;t  fuming  acid  was  used,  and  for  every  100  grams  of 
4^-   fuming  acid  there  ere   4   grams  of  free  SO,. 

1  8O3E  IHpSO^ 
80      98^ 
4       X 

80-98 

"?"    X   X  =  4.9  grams. 

.*  •  4  grams  of  SO^  E  4.9  grams  of  100;^  HgSO..  Therefore, 

100  grans  of  4f,   fuming  are  equivalent  to  100.9  grams  of 

100 
100^  HgSO^.   125.8  grams  of  100;t  acid  =  100.9  x  125.8  or 

125  grams  of  4^  fuming  acid.   T'herefore,  for  sulfonation 

to  the  mono-sulfonic  acid,  125  grams  of  the  4fy   fuming 

acid  are  required. 

78  -  18 

100    y   y  -  23.1 

Therefore,  for  sulfonation  to  the  mono-sulfonic  acid, 

23.1  grams  of  water  are  liberated. 

To  determine  the  amount  of  acid  that  remains  ffter 
complete  sulfonation,  the  following  calculations  are  re- 
quired; 100  grams  of  benzene  to  disulfonic  acid  liberates 

46.2  gr..e  wate..   100  gra.s  of  ben.ene  fo.  thl.  reaction 


18. 


requires   250  grppis   of   A.'f  fuminc   acid.      AsEiime   the 

use   of  350  grams   of   4;^  aciri. 

350   -   250   =    100  grams   of   A'f  :fuining 

.04  X    100  -   4   grams   of   SO3 

100   -   4      c    96   grrsrs   of    100^  H2SO4 

HpO      -/-     SO-:^        — ^        Ho  SO. 
I8  8)5  t^8  * 

X  4 

X  =  0.9  grans  of  wpter  required  to  combine  vith  the 

free  SO3. 

46.2  -  0. 9  «  45.3  grpms  of  vater  left  to  combine  vith 

the  lOOf'  Hr.SO^.   T'he  4  grans  of  water  plus  the  0.9  grams 

of  SO"  com.hine  to  give  4.9  grams  of  100<  H^SO^.   Total 

1005  H2SO4  equals  96f4.9  =•  100.9  grams.   100.9  grams  of 

lOO''^  HgSO^  plus  45.3  grpms  HgO  equals  146.2  grams  hy- 

drated  Hr,SC4.   Percent  HgSO^  by  weight  -  y§§^  =  69f 

which  is  equivalent  to  a  54.5"pe'  acid  -  Sp.  G.  1.604. 

In  the  preparation  of  the  dipulfonic  acid,  tl:ere  are 

required  2x125,  or  250grams  of  4f  fuming  acid,  or  251.6 

grams  of  lOOf?  KgSO,.   In  this  preparation,  46.2  grams 

of  water  are  liberated.   These  46.2  grams  of  rater  will 

be  absorbed  by  the  acid,  but  it  must  leave  the  acid  still 

strong   enough   to   comiplete   the    sulfonation. 
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'^he   p-moiint  of   benzf;np-cIi-si3lfonic   pcld   theo- 
retically  nosfible    from.   100  £;rams   of  benzene    is    shonn 
by   the   following  repction, 

100  X 

X  -  305  grams  benzene-di-sulfonic  acid  which  may  be  pro- 
duced. 

The  amount  of  calcium-benzene-di-sulfon? te  which 
is  theoretically  possible  by  conversion  of  the  previous 
airiount  of  di- sulfonic  acid  with  milk  of  lime,  is  sbown 
by  the  follo"'ing  reaction, 

CfiH.  (HSO")^  +  CaO  — >  C^H^  CSO.J^  Ca+HpO 
*?38    "^  56       ^  ^  276"^  ^ 

305  X  y 

X  =  71.7  grams  of  CaO  which  are  required  to  neutralize 

the  benzene~di-sulfonic  acid  from  100  grams  of  benzene. 

The  excess  acid  remaining  after  complete  sulfonation  e- 

quals  100.9  grams  of  100 '^  acid. 

HpSO.  -+  CaO  -^    CaSO^H-HoO 

"^98^     56  '^    "^ 

100.9     X 

X  "-  57,7  grams  CaO  required  to  neutralize  the  excess  acid. 
Therefore,  the  tota.l  amount  of  lime  required  for  neutra- 
lization and  conversion  to  the  calcium  salt  is  equal  to 
71. 7 -+57, 7  =  1P9.4  grams.   /llowing  a  lO,''  excess,  the  a- 
mount  of  lime  that  should  be  used  equals  14?  gram.s  on 
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the  basis  of  using  100  gramr  of  benzene. 

£38   =      £76 

305  y  y  ="     354 

Theref or f. ,    starting  with   100  grairiB   of   benz.ene,    354 

grams   of   calciiim-benzene-disu.lfon? te   are   produced 

after  conversion. 

Theoretically,  354  grams  of  the  calciun  salt  are 

derived  from  100  grans  of  benzene.   In  the  conversion 

of  the  calciun  salt  to  the  sodiun  salt,  the  following 

calculations  show  the  amount  of  soda  ash  required,  and 

the  amount  of  sodium  salt  derived. 

CfiH^  (SO..-),.  Ca+Nap  CO.  —^   C.H.  (S03Na  )„ -^  CaCO, 
^  ^276  ^    '^  106        ^^^82^       3 

354  X  y 

X  =136  y  =  362 

Therefore,  136  grams  of  soda  r sh  are  required  for  com- 
plete conversion  to  the  sodium  salt,  and  362  grams  of 
the  sodium-ben^^ene-disulfonate  are  theoretically  derived, 

To  show  the  amount  of  NaOK  that  theory  requires  to 
react  completely  with  362  grams  of  sodium  s?lt  rhich  is 
the  theoretical  product  from  100  grams  of  benzene,  the 
following  calculations  are  neoesspry. 

C5H4  (303Na)2  -h  4Na0R  — >•  CgH4  {mc),^-t    SNa^SO^-h  2K2O 

154  "^ 


282 

160 

362 

X 

205  grams. 
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Therefore,  in  p.  fusion  i«'ith  362  grprns  of  scdium- 
benzene-di-sulfonp+.e;  theoretical!^',  only  205  grrrns 
NaOFi  are  required.   'Rut  for  best  re.sults,  a  great  deal 
nore  caustic  munt  he   used  for  reasons  stated  previously, 
y  -  198  grams. 

Therefore,  the  theoretical  yield  froir.  100  £r?r. s  of  ben- 
zene equals  198  grerns  of  sodium  resorcinate. 

The  amount  of  HCl.  necessary  to  acidify  tlie  fusion 
mass  to  neutrality  is  both  a  function  of  the  rraount  of 
caustic  used,  and  the  manner  in  'vhicL  the  acid  is  add- 
ed.  By  adding  the  sold  so  thrt  it  enters  the  fusion 
solution  at  the  bottom,  the  SOg  which  is  liberated  is 
absorbed  by  the  alkaline  solution  and  thus  helps  ma- 
terially to  cut  down  the  amount  of  acid  actually  used, 
and  at  the  same  time  does  a^ay  with  the  obnoxious  SOg 
fumes. 

The  calculations  for  the  amount  of  HCl  required, 
assuming  that  the  rcl  does  all  the  fcidifying,  and  that 
?-^  pounds  of  caustic  were  used  for  every  ^jound  of  so- 
dium salt,  is  as  follows: 

CqE^    (0Na)^-^2Kri  -^  C^H.  roH)„H-2Nari 
lv54       75  110^ 

198       X  y 

X  =  94  j2   1^2, 
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•■.  The  theoretical  yield  of  resorcinol  from  100 

grams  of  benzene  is  142  grFUiS.   'T'he  amount  of  HCl 

required  to  neutralize  the  Fodium  di-phenpte  equals 

94  £;rpns,   1  lb.  of  sodium  srlt  for  fusion  requires 

Igl  X  205  -  256  grams  cf:ustio. 

1135  -  256  -  879  grpns  cr-nstic  in  excess, 

NaCE-1-HCl       — ^     NaCl  +  H^O 

40    36.45 
879     X  X  -  800  G. 

Therefore  800  grrras  HCl  pre  required  to  pcidify  the 
excess  NaOH.   1  pound  of  sodiam  sslt  after  fusion  theo- 
retically jives  248  grams  of  sodium  di-phenate:  248 

grams  of  sodiion  di-chenate  theoretically  requires  for 

248 
neutralization  198  x  94  -  118  grams  of  PCI.   Therefore, 

the  total  artount  of  HCl  that  is  required  to  neutralize 

a  fusion  mass  that  was  started  with  2h   lbs.  of  caustic 

soda  and  1  lb.  of  sodiura  salti  considering  the  sodium 

salt  to  be  cornicle tely  comverted,  is  118-f-800  -  918  grams 

of  HCl.   The  KCl  acid  to  be  used  is  Sp.  G.  1.19  and  37'< 

which  therefore  contains  1.19  x  0.57  -  0.44  gram  HCl  per 

918 
cc.   - — ,  -  2090  cc  of  HCl  of  the  above  concentration 
0.44 

which  would  be  the  amount  theoretically  required  for 
complete  neutralization. 
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EXPERIMENTAL  WORK. 
First  Experiment^ 
Sulf ona t ion : 

In  sulf onp ting  the  benzene,  we  followed  the  pro- 
cedure outlined  under  "Theoretical  ond  Practical  Con- 
siderations." As  shown  by  the  accompanying  photo- 
graph, we  used  a  round-bottomed,  wide-mouth  flask 
which  was  supported  by  a  stand,  and  heated  by  an  oil 
bath  which  was  exposed  to  the  direct  flame  of  a  blast 
burner.   A  glass  stirring  rod,  the  end  of  v'hich  was  bent 
into  a  suitable  form  to  provide  for  efficient  stirring, 
passed  through  the  middle  hole  of  the  rubber  stopper 
which  served  as  a  bearing.   The  rubber  stopper  was  cov- 
ered with  lead  foil  to  prevent  the  corrosive  action  of 
the  fuming  sulfuric  acid.   A  flexible  joint  was  made  by 
attaching  a  stout  piece  of  rubber  tubing  to  the  end  of 
the  glass  rod,  about  foTir  inches  above  the  riibber  stopper, 
and  using  a  steel  rod  as  the  upper  shaft.   The  lower 
end  of  the  steel  rod  projected  into  the  rubber  tubing 
and  was  made  fast  with  a  couple  of  twists  of  copper 
wire;  the  upper  end  of  the  steel  rod  ras  clamped  to 
the  revolving  pulley  which  vr.s    connected  to  the  motor 
pulley  by  means  of  a  leather  belt.   Through  one  of  the 
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other  holes  in  the  rubier  stopper,  a  bent  piece  of 
glpss  tubing  was  inserted,  and  this  was  connected 
to  the  condenser  as  shown  in  the  accompanying  photo- 
graph.  A  Ice  pipette  projected  from  another  hole  in 
the  rubber  stopper.   By  means  of  this  pipeete  and  its 
attached  piece  of  rubbei'  tubing,  samples  of  the  con- 
tents of  the  flask  were  sucked  up  at  stated  intervals 
without  r^topping  the  stirring  or  in  anyway  hindering 
the  smooth  operation  of  the  sulfonation.   Through  the 
Ipst  hole  projected  a  thermometer,  the  bulb  of  which 
was  iranersed  in  the  contents  of  the  flask.   By  means 
of  this  thermometer,  the  temperature  of  the  sulfona- 
tion mixture  was  determined  at  regular  intervals.   The 
two  side  stands  were  used  ps  braises  to  keep  the  motor 
stand  from  vibrating.   /.  bank  of  lamps  was  used  ps  a 
rheostfit  to  control  the  speed  of  the  motor.   '^he  hose 
leading  froir,  the  end  of  the  condenser,  ^psses  into  a 
measured  amount  of  water  in  a  graduate,  rnd  by  this 
means  all  decomposed  H<^?^0.  is  absorbed. 

In  the  first  sulfonation,  200  grems  of  benzene, 
200 
equivalent  to  0.879  or  228cc  f  nd  650  grams  of  ^f, 

P,50 
fuming  acid,  equivalent  to  1.87  or  348cc,  were  used. 

According  to  the  calculations  bfsed  upon  theory,  500 


^6. 


crams  of  the  4%   fu^jing  acid  are  required.   An  ex- 
cesr  of  150  crenF. ,  or  25f.   above  the  theoretic?!  a- 
mount  required,  was  therefore  used. 

The  measured  amount  of  Hr^SO^  was  poured  into 
the  flask  and  everything  was  adjusted  properly  for 
an  uninterrupted  run.   The  oil  bath  was  then  heat- 
ed until  the  contents  of  the  flask  were  at  about 
60°C.   The  required  amount  of  benzene  was  noi"  poured 
slowly  into  the  flask  through  the  upper  end  of  the 
condenser  "zhile  the  contents  of  the  flask  were  under- 
going continuous  stirring.   When  all  the  benzene  had 
beer  added,  the  ■^'lask  contents  were  slowly  brought  up 
to  the  boiling  point  of  benzene  (80.36^)  and  kept  a- 
round  that  temperature  for  thiree  hours.   At  the  end 
of  the  three  hours,  the  temperature  was  raised  with 
all  possible  speed  to  255°,  the  highest  temperature 
obtaiiicAu^e.   The  outside  oil  bath  during  this  heat- 
ing wfis  maintained  at  310  .   The  firs':  contents  -vere 
kept  at  255   for  thirty  minutes,  and  this  completed 
the  entire  sulfonation.   Continuous,  even  istirring 
was  maintained  by  the  motor,  and  samples  were  taken 
at  30  minute  intervals;  temperature  readings  were  re- 
corded every  15  minutes.   A  simple  outline  of  the  en- 
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tire  run  is  shown  by  the  accompanying  dat?  slieet  la- 
beled "Data  Sheet  for  the  First  Sulfonation. " 

The  samples  taken  at  the  proper  intervals  rere 
drawn  up  by  means  of  the  pipette  and  poured  into  a 
weighed  beaker  which  was  instantly  placed  in  a  des- 
sicator.   An  immediate  weighing  of  the  beaker  and  its 
contents  was  made,  and  by  subtracting  the  original 
weight  of  the  beaker,  the  amount  of  sample  taken  was 
determined.   The  free  KgSO.  was  then  determined  by  add- 
ing an  excess  of  BaClo  to  a  very  dilute  solution  of 
the  sample,  boiling  the  solution  containing  the  pre- 
cipitated BaSO^,  filtering  and  drying  the  precipitate, 
igniting  and  then  weighing.   From  the  amount  of  EaSO. 
precipitated,  the  equivalent  amount  of  free  HgSO^  in 
the  sample  was  determined,  and  from  this  the  amount  of 
free  Hf,SO.  per  gram  of  sample  was  calculated.   The  a- 
bove  quantitative  determination  is  possible,  due  to 
the  fact  that  the  barium  salt  of  the  disulfonic  acid 
is  very  soluble  in  water  while  the  BaSO^  is  very  in- 
soluble. 
Conver£ion__to  th£  Calci^ura  Salt£ 

According  to  theory,  the  amount  of  lime  required 
to  neutralize  the  excess  H2S0^  and  the  di-sulfonic  acid. 
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Data  Sheet  for  the  First  Sulfonation. 


Time   Temper? ture   Remarks 


Amount  of  Amount  of 
Sample     E&SO. 
grams      grams 


Equivalent 
amount  of 
loo;:'  K  SO4 
per  gram  of 
solution. 


12:15 

60"  C 

Start                 1, 
made 

12:30 

78° 

12:45 

77° 

Sample   1 

1:00 

76° 

1:15 

76° 

Sample   2 

1:30 

77° 

1:45 

76° 

Sample  3                 N 

2:00 

75° 

2L15 

77° 

Sample  4 

2:30 

75° 

2:45 

75° 

Sample   5 

3:00 

77° 

3:15 

76° 

Sample  6 

3:30 

250° 

High  temp. 

3:45 

255° 

stert. Slight 
temp.f luctuetion 
SampJe   7 

4:00 

255° 

FlniFh. 

NO  DATA  TAKEN 
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is  200  grams.   But,  Cue  to  the  fret,  the t  we  Fere 
not  workinc  with  pure  CaO,  and  that  the  sulfonetion 
did  not  go  to  completion,  the  r«nount  actually  re- 
quired was  235  grams  OaQ , 

The  mass  of  benzene-di-sulfonic  acid  and  excess 
HgSO^  from  the  sulfonation  was  first  allov-ed  to  cool 
and  was  then  poured  Into  atout  five  litres  of  water 
contained  in  an  iron  enamelled  pan  of  about  fifteen 
litres  capacity.   The  solution  thus  formed  was  then 
brought  up  to  boiling,  and  lime,  which  wf s  thoroughly 
slaked,  was  thc-n  added  slowly  with  continuous  stirr- 
ing until  the  solution  showed  an  alkaline  reaction 
towards  litmus  paper. 

The  boiling  contents  of  the  p?n  were  then  fil- 
tered hot  with  suction  through  an  8  inch  Bilckner  fun- 
nel, and  the  residue  of  precipitated  TpSQ^  and  excess 
CaO  was  thoroughly  washed  with  boiling  '"ater.   The 
filtrate  consisting  of  e    slightly  a.lkaline  solution 
of  calciura-benzene-di-sulf onate  was  now  ready  for  con- 
version to  the  sodium  salt. 
Conver£ion_to  the  Sodiurn_58_lt : 

According  to  theory,  the  amount  of  Na2C02  required 
for  conversion  of  the  calcium-benzene-di-sulf onate  ob- 
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tained  from  200  grams  of  benzene,  is  272  grams. 
In  the  following  operation,  300  grams  %)f  NagCOs 
were  found  necessary  for  complete  convei-sion.  This 
additional  amount  of  NagCO^  was  probably  the  re- 
sult of  a  slight  excess  of  Ca(0H)2  from  the  pre- 
vious operation. 

The  solution  of  the  calcium  salt  from  the  pre- 
vious operation  wps  boiled  down  to  about  five  litres. 
A  strong  solution  of  Na^COg  was  then  added  to  the 
boiling  contents  of  the  pan  and  at  short  intervals, 
a  small  amount  of  the  contents  wes  filtered  and  test- 
ed with  Na2C03.   When  a  filtered  sample  showed  no 
further  precipitate  of  CaCOj  upon  the  addition  of 
Na2C03,  the  conversion  was  complete,  and  no  more 
Na2C05  was  added.   Great  care  was  taken  that  no  ex- 
cess of  Na2C02  was  added,  as  this  excess  would  be 
present  in  the  salt  used  for  fusion,  and  would  be 
detrimental  to  best  results  for  that  operation. 

The  hot  contents  of  the  pan  were  now  filtered 
as  before  through  the  Buckner  funnel,  and  after  thor- 
oughly washing  the  precipitated  CaC03,  the  very  slight- 
ly alkaline  solution  of  the  sodium  salt  was  brought 
down  almost  to  dryness  in  the  enamelled  i-an,  and  then 
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the  salt  was  completely  dried  in  a  drying  closet 
heeted  with  steam  coils.   The  dried  safct  was  then 
pulverized  to  a  very  fine  powder  of  about  200  mesh 
and  it  was  now  ready  for  fusion. 

According  to  theory,  the  amount  of  sodium 
salt  that  should  be  obtained,  is  724  grams.   We 
only  obtained  650  grams.   The  difference  can  be 
accounted  for  by  the  fact  that  we  did  not  have  a 
complete  sulfonation  to  the  di-sulfonic  acid,  and 
to  a  lesser  extent  by  the  fact  that  the  precipitates 
were  not  thoroughly  washed  to  free  them  of  all  soluble 
salts.   The  "silver  salt"  was  a  creamy  white  in  color. 
Fu£ion_^ 

In  the  fusion  of  the  sodium  salt  derived  from 

the  first  sulfonation,  one  pound  of  the  dry  salt  wps 

used  with  one  pound  of  alkali:   The  caustic  that  was 

used  analyzed  86^  NaOH,  2.%   NaCl ,  75  Na2S04,  3^  NagCOg, 

and  2%   H2O.   To  get  one  pound  of  caaistic  NaOH  as  such, 

1.00 

0.86  or  1.163  pounds  of  the  commercial  product  was 

used.   According  to  theory,  4  molecules  of  NaOH  are 

required  for  each  molecule  of  sodium  salt.   Therefore 

0.57#  of  NaOH  are  required  for  each  pound  of  dry  salt 

assuming  it  to  be  IOO5  sodium-benzene-di-sulfonate. 
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4NP0H  _   X  X-    1x160      =      .57^ 

C^H^TSOsNa)^    "    1  T82~ 

Therefore,  In  using  1"^  of  sodium  salt  in  the  fus- 
ion, there  is  an  excess  of  .43'^  equal  to  75.5^  of 
the  amount  actually  required. 

In  this  fusion  and  all  subsequent  fusions,  the 
apparatus  consisted  of  the  fusion  pet  supported  on 
a  Rose  burner,  with  an  extra  blast  burner  as  an  aux- 
iliary source  of  heat.   A  Hoskins  pyrometer  whose 
fire  end  consisted  of  nickel-chrome  alloy,  was  used 
for  temperature  control.   As  no  mechanical  means  for 
stirring  the  fusion  mass  was  available,  the  large  iron 
spatula  shown  in  the  photograph  was  used  for  this  op- 
eration. 

The  NaOH  was  placed  in  the  fusion  kettle  and 
brought  up  to  the  desired  temperature,  in  this  fusion 
between  340^-345°,  at  which  temperature  the  contents 
of  the  kettle  were  liquid.   Maintaining  the  tempera- 
ture very  closely  between  340°  and  345°,  the  sodium 
srlt  was  gradually  added,  allowing  one  part  of  the 
salt  to  be  thoroughly  assimilated  before  the  next 
part  was  added.   Throughout  the  above  operation,  the 
stirring  was  kept  continuous  and  uniform.   One  half 
hour  was  required  to  assimilate  the  iound  of  salt  used. 


Figure   3. 


APPARATUS   USED  FOR  FUSION. 
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After  all  the  salt  had  been  added,  the  fusion  mass 
was  closely  kept  at  340  with  continuous  stirring 
for  1  I  hours.   At  the  end  of  this  time  the  fusion 
was  considered  to  be  complete.   The  fusion  mass  wfs 
very  viscous  and  dark  brown  in  color.   It  was  now 
poured  into  a  pail  containing  five  litres  of  water 
and  kept  there  until  it  was  thoroughly  dissolved. 
Neutr8lization_of  the  Fusion_Fas£: 

Theory  requires  710cc  of  HCl  (Sp.  G.  1.19  (Jonc. 
37^)  to  neutralize  the  entire  fusion  mass  obtained 

JF  if 

from  1  NaOH  and  r    sodium  salt,  upon  the  assumption 
that  the  soditim  salt  is  lOOf^  sodium-benzene-dl-sul- 
fonate  and  that  the  fusion  products  are  exactly  tliose 
that  theory  shows.   In  the  following  acidification, 
1000  cc  of  the  HCl  were  used,  the  excess  being  re- 
quired for  the  impurities  that  were  present  with  the 
caustic. 

A  measured  amount  of  acid  in  a  separrtory  fun- 
nel was  allowed  to  flow  slowly  into  the  solution  of 
the  fusion  mass  contained  in  an  enamelled  pail.   The 
acid  was  allo"/ed  to  enter  the  solution  near  the  bot- 
tom, and  was  added  'vith  continuous  stirring  until  the 
first  trace  of  ?0g  was  detected.   The  solution  was  now 
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acid  towards  litmus  p?.per  end  wpk  evaporated  down 
to  about  1^  litres  and  allowed  to  cool.   The  tar 

and  ,recipitated  salts,  consisting  mainly  of  NaCl, 

II 

vere   then  filtered  off  by  means  of  a  Buckner  funnel, 

and  thoroughly  washed.   In  the  boiling  of  the  solu- 
tion, the  SO2  had  been  driven  off,  and  the  above  fil- 
trate now  reacted  alkaline  towards  litmus.   It  was 
acidified  further  by  the  addition  of  a  small  amount 
of  HCl  and  boiled  down  again  to  about  J  litres  and 
allowed  to  cool,  when  a  further  precipitation  of  salts 
occurred.   These  salts  were  thoroughly  wasiied  and  the 
resulting  filtrate  from  the  second  boiling  was  again 
subjected  to  the  same  treatment  for  the  third  time. 
In  this  way,  the  major  part  of  the  salts  was  removed, 
while  the  resorcinol  was  still  retained  in  solution 
due  to  its  very  great  solubility  in  water  (117  grams 
of  resorcinol  being  soluble  in  100  grams  of  water  at 
?.5°)   The  solution,  after  the  third  filtration,  was 
then  brought  down  to  dryness  in  the  drying  closet,  and 
the  resulting  mass  of  dry  dark-colored  salts  wps  pul- 
verized by  means  of  a  mortar  and  pestle.   These  salts 
containing  the  resorcinol,  T"'ere  now  ready  for  extrac- 
tion with  alcohol. 
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Table  of  Solubilites. 

In  H^O  In  Ethyl  Alcohol 

Terap.   Sp.G.     Grpms  CQli^{Oh),  Sp.G.    Grems  C^H.(OK)p 

of  Sol.    per  lOOg. of  Sol.   per  lOOe 


Sol 

Alco] 

37.5 

1.033 

210 

44.8 

1.036 

223 

50.7 

1.04 

236 

53.9 

1.045 

243 

56.7 

1.048 

250 

58.9 

1.056 

266 

66.5 

11065 

286 

71.1 

1.075 

311 

76.2 

1.087 

341 

82.9 

1.104 

375 

H^O        Sol  Alcohol     SoT 

0  1.101  60 

10  1.118  81 

20  1.134  103 

25  1.142  117 

30  1.148  131 

40  1.157  161 

50  1.165  198 

60  1.172  246 

70  1.176  320 

80  1.179  487 

Speyers  Am.  J.  Sci.  (4)  14,294, '02. 

Solubility  of  Resorcinol  in  Alcohols  and  Acids. 

Timofeiew,  1894. 

Grams  C„H.(OK) 

per  lOOg.  set.  sol. 

69 

51.5 

51.6 

29.2 

32.5 

22.8 

14.7 


Solvent 

t° 

Methvl  alcohol. 

11.6° 

Propyl 

10.4 

Propyl     " 

11.6 

Formic  acid 

15 

Acetic   " 

15 

Propionic  " 

15 

Butyric    " 

15 

I  1  I  '  f 
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Extract ion_of  _Reeorc_lnol_from  t)i.e  Dr^  Salt^  by 

Resorcinol  is  ver^  soluble  in  water,  ethyl 
alcohol,  meth;^l  alcohol,  propyl  rlcohol,  rnd  to 
a  leaser  extent  in  formic  acid,  acetic  acid,  prop- 
ionic pcid,  Fnd  hentiene.   The  solubility  of  re- 
sorcinol in  these  various  solvents  is  shown  on  an- 
other page.   Considering^  the  cost  of  the  solvent, 
its  adaptability  to  the  extraction  of  the  resorcinol 
from  the  dry  salts,  and  the  efficiency  of  the  sub- 
sequent recovery  of  the  solvent  after  its  use  in  ex- 
traction, alcohol,  by  far,  leads  the  other  solvents. 
Alcohol  was  therefore  chosen  as  the  solvent  to  be 
used  in  onr    experiments.   Pure  '^5f:,   ethyl  alcohol 
WPS  used  in  our  "'orl':,  but  the  same  results  are  ob- 
tainable with  denatured  alcohol  which  can  be  se- 
cured at  s  much  cheape.r  rate  (Denatured  a.lcohol  at 
the  present  market  is  77/  a  ^lon.  ) 

In  the  extraction  with  alcohol,  the  400  grams 
of  dry  salts  obtained  from  the  previous  operation 
were  pl?ced  in  a  "'ide-mouth  2  liter  flask  and  thor- 
oughly shaken  up  with  300cc  alcohol.   The  resulting 
alcoholic  solution  of  resorcinol  was  filtered  off 
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from  the  salts  which  did  not  dissolve,  through  s 

II 

Buckner  funnel.   The  above  operation  was  repeat- 
ed with  portions  of  lOOcc  of  alcohol  until  the 
filtrate  carae  through  colorless.   To  acconplish 
this,  1300CC  of  alcohol  were  required.   The  fil- 
trate was  a  dark  red  color  due  to  the  presence  of 
tarry  bodies  which  are  also  dissolved  by  the  al- 
cohol.  The  alcoholic  filtrate  only  amounted  to 
1200cc ;  the  difference  between  the  amount  of  al- 
cohol used  and  the  amount  recovered,  lOOcc,  is  due 
to  the  fact  that  the  salts  after  the  filtration 
were  wet  with  alcohol.   Coniraercially ,  the  recovery 
of  the  alcohol  could  be  made  almost  lOOfo   complete 
by  heating  the  extracted  salts  in  a  suitable  cham- 
ber and  condensing  the  alcohol  vapors. 
Libera tion_of  the  Res orcj.no lj_ 

Tlje  1200  CO  of  the  alcoholic  resorcinol  solu- 
tion obtained  from  the  previous  operation  were  di- 
stilled down  to  about  lOOcc  in  a  distilling  flask 
with  a  suitable  condenser  and  receiver.   The  lOOcc 
residue,  of  a  very  dark  red  color,  which  showed  the 
presence  of  considerable  tar,  was  allowed  to  cool  and 
a  small  amount  of  salt  precipitated  out.   This  salt 
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had  dissolved  in  the  bf,  HgO  which  was  present  in  the 
alcohol.  The  solution  was  then  carefully  poured  off 
from  the  srlt  into  a  150cc  Fry  glass  distillingf lesk. 

The  distilling  flask  was  connected  to  a  sr.all 
bottle  receiver  by  means  of  ^lass  tubing  and  rubber 
tubing,  and  this  receiver  was  in  turn  connected  to 
the  vacuum  pump.   A  thermometer  was'  inserted  through 
the  cork  stopper  in  the  neck  of  the  distilling  flask 
and  the  bulb  extended  down  below  the  outlet  tube. 
All  connections  and  stopi)ers  were  made  airtight  with 
beeswax.   In  the  subsequent  vacuum  distillation,  it 
vas  found  that  the  resorcinol  came  over  at  150°C  as 
a  water  white  liquid  which  solidified  at  the  first 
connection  where  rubber  tubing  was  used  due  to  its 
high  melting  point  (116°C)   Further  distillation  was 
therefore  stopped  and  a  new  set  up  of  the  apparatus 
had  to  be  evolved.   The  solution  of  the  problem  was 
finally  obtained  by  setting  up  the  apparatus  as  shown 
in  the  accompanying  photograph. 

The  distilling  flask  supported  in  a  sand  bath 
and  heated  by  a  blast  burner,  was  connected  by  a  very 
short  piece  of  tough,  thin,  rubber  tubing  to  a  safety 
bulb  which  was  directly  connected  to  the  motor  driven. 
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Cenco,  double-st?.£;e,  oil  vpcunm  punp.   A  low  flf'ine 
from  e    Bimpen  burner  wpf  utilised  to  keep  the  Btern 
frorrj  the  neck  of  the  distilling  flask  to  the  en- 
trance in  the  safety  bulb,  at  a  terf.perature  ab^ve 
116°.   The  reporcinol  vapors  rere  therefore  kept 
from  condensini^  in  the  stem,  but  they  'vere  caught 
and  condensed  in  the  safety  bulb.   This  did  not  stop 
the  distillation  as  the  solidification  occured  in 
the  bottom  of  the  bulb  and  allowed  a  free  passage 
for  the  vacuum  pump  to  operate  in.   The  reason  a 
retort  was  not  used  instead  of  a  distilling  flask 
wF.B    due  to  the  fact  that  the  retort  could  not  be 
made  airtight.   The  wax  which  was  used  to  make  the 
cork  stopper  airtight  melted  and  flowed  down  the  Fide 
on  account  of  the  heat  of  the  sand  bath. 

The  resorcinol,  under  a  vacuum  of  about  1  cm. 
came  over  at  150°C.   The  first  distillate  was  water 
white,  but  as  the  distillation  went  on,  the  resorcin- 
ol became  contaminated  with  some  tar  and  at  the  last 
stage  of  the  distillation,  the  color  ras  red.   The  a- 
mount  obtained  from  th's  first  experiment  was  23  grams 
of  impure  resorcinol  whose  melting  point  was  95*^0. 
The  resorcinol,  at  the  above  melting  point,  would  cor- 
respond to  about  90f:   purity. 


Figure   4, 


APPARA'T'US   T7SED  FOE   "'.^ACUUIl   DISTILL/.TICN . 


40. 


_Second  Experirnentj_ 
In  the  second  sulfonation,  the  same  procedure 
was  followed  as  in  the  first,  except  that  in  sul- 
fonating 200  grams  of  benzene  which  is  equivalent 

200 
to.  879  or  228cr. ,  there  were   used  700  gfarns  of  4f, 

700 
fuminc  acid  rhich  is  equivrlent  to  1.869  or  375cc, 

instead  of  650  grams  of  the  acid.   The  time  of  sul- 
fonation was  3-7  hours  rnd  samples  were  taken  at  regu- 
lar intervals  as  before.   The  data  sheet  for  this  run 
is  shoTrn  on  the  next  page,  and  the  progress  and  rate 
of  sulfonation  is  shown  by  the  Fccompanying  graph. 

The  conversion  to  the  calcium  salt  and  the  e- 
limination  of  the  excess  KgSO.  was  accomplished  as 
in  the  first  experiment.   Here,  260  grams  of  CaO  were 
required  due  to  the  greater  amount  of  acid  used. 

The  conversion  to  the  sodium  salt  was  made  as 
in  the  first  experiment,  with  the  same  precautions 
and  amount  of  Wag^Og.   The  amount  of  dry  sodiura-ben- 
zene-di-sulfonate  obtained  was  equal  to  640  grams. 
This  "silver  salt"  hf.d  a  slight  pinkish  hye. 

In  the  fusion  of  the  sodium  salt  derived  from 
the  second  experiment,  1-|  caustic  NaOH  was  used 
with  1"^  of  salt.   The  temperature  was  closely  con- 
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Data  Sheet  for  the  Second  Sulfonation. 

Time   Temp.   Remarks      Amount  of    Amount  of     Equivalent 

sample       BaS04         amount  of 
grams        grams         100 f,   H2SO4 

per  gram  of 
solution. 


12;00 
12:15 

60° 
81° 

Start 
made 

12:30 

80° 

Sample  1. 

1.2075 

1.9895 

12:45 

75° 

1:00 

80° 

Sample  2. 

1.6755 

2.0735 

1:15 

78° 

1:30 

77° 

Sample  3. 

1.5100 

1.8320 

1:45 

76° 

2:00 

78° 

Sample  4. 

1.3775 

1.6240 

2:15 

78° 

2:30 

77° 

Sample  5. 

1.4328 

1.6875 

2:45 

78° 

3:00 

80° 

Sample  6, 

1.5823 

1.8582 

3:15 
3:30 
3:45 

220° 

265° 

0 
260 

High  temp, 
start. 

Slight  temp, 
f luctuption. 
Sample  7. 

1.2595 

1.0550 

.79 


.693 


.52 


.51 


.496 


494 


.493 


.352 
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trolled  between  .^P0°  pnd  3?5°  rnd  the  tlrre  of  the 
fiaFion  WPF  2  hours.   The  resulting  fu?. ion  mffs.    wpf 
r.  yelloriph-hrown  color  very  much  less  vIscouf  thpn 
the  first  fusion  mass.   It  hardened  quickly  upon 
cooling,  the  hardened  mass  being  difficultly  soluble 
in  HgO.   The  entire  contents  of  the  fusion  kettle 
were  dissolved  in  water. 

In  the  neutralization  of  the  fusion  tn?ss  solu- 
tion, 1750CC  of  HCl  V'ere  required.   The  acid  was  add- 
ed, as  explained  before,  by  means  of  a  separatory 
funnel.   The  major  part  of  the  salts  were  eliminated 
as  before,  the  remaining  salts  being  brought  down 
to  dryness.   This  gave  450  grams  of  the  dry  salt 
"hich  wrs  black  and  tarry  looking.   '^hese  salts  were 
then  pulveri7.ed. 

In  the  extraction  of  the  resorcinol  from  the 
dry  salts,  1570cc  of  alcohol  were  used  before  the  fil- 
trate from  the  final  portion  came  through  colorless. 
The  first  portion  wps  of  oOOcc  and  the  succeeding  por- 
tions of  lOOcc.   The  filtrate  recovered  was  1450cc  and 
was  of  a  deep  red  color  due  to  the  presenteof  tar. 

The  resorcinol  obtained  from  the  alcoholic  so- 
lution WPS  obtained  as  outlined  before.   Due  to  the 
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presence   of   a    £?niPll   Pnount  of   phenol    rnd    tPr,    the 
resorclnol   vps   of   an  orf?nge-red   color.      This   re- 
sorclnol   nas   not  purified   eny   farther.       Its   melt- 
ing; point   "^as    98°C.       The   yield   was   39.8   grams. 
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ThjLrd  Experinjent_^ 

In  the  third  sulfonation,  720  grpms  of  4^ 
fuming  acid  were  used  with  200  grams  of  benzene. 
The  srme  procedure  p.p.  before  was  followed,  but 
the  tine  of  sulfonation  here  was  4  hours  and  e- 
leven  snmples  '^ere  taken  at  regulp.r  intervals. 
The  data  sheet  for  this  run  is  shown  on  the  next 
page,  and  the  progress  and  rate  of  sulfonation  is 
illustrated  by  the  accompanying  grftph. 

In  the  conversion  to  the  calcium  selt  and  the 
elimination  of  the  excess  HgSO^,  300  grams  of  CaO 
were  required. 

The  conversion  to  the  sodium  salt  was  ac- 
complished as  before  with  the  same  amount  of  NagCO^ 
and  635  grams  of  the  dry  sodium  salt  were  obtained. 
This  salt,  of  a  slight  pink  color,  was  pulverized 
very  finely. 

In  the  fusion,  1^  NaOK  and  li^   of  sodium  salt 
were  used  exactly  as  in  the  second  experiment,  ex- 
cept that  the  temperature  was  closely  controlled  be- 
tween 340^  and  345°  for  2  hours.   The  fusion  mass 
was  a  very  dark  brown  and  slightly  more  viscous  than 
the  second  fusion  mass.   This  was  poured  into  about 
4  litres  of  water  and  solution  took  place  rather  readily, 
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DP.ta   Sheet   for    the   '^hird   Sulfonation. 


Time 

Temp. 

Remar 

kn 

Amount 
Sample 
grams 

of     Amount  of 
PaS04 
grams 

Equivalent 
amount  of 
lOOf.   HoSO/^ 
per  gram  of 
solution. 

2:20 

60° 

Start 

2:35 

820 

Sample 

1 

1.2355 

1.8710 

.635 

2:50 

80° 

Sample 

2 

1.3936 

1.7848 

.538 

3:05 

80° 

Sample 

3 

1.3515 

1.G900 

.526 

3:20 

78° 

Samp Id 

4 

Spilled 

3:35 

76° 

3:50 

75° 

Sample 

5 

1.2940 

1.6212 

.526 

4:05 

76° 

4:20 

73° 

Sample 

6 

1.4688 

1.7536 

.503 

4:35 

80° 

4:40 

80° 

Sample 

7 

1.5918 

1.9885 

.524 

5:05 

800 

Sample 

8 

1.3400 

1.6886 

.628 

5:10 

95 

5:15 

160° 

5:20 

200° 

Sample 

9 

1.2749 

1.5835 

.522 

5:25 

235° 

Temp. 

5:30 

251° 

fluctuates 

5:37 

236° 

Sample 

10 

1.3116 

1.2687 

.406 

5:45 

270° 

5:50 

2'70° 

5:55 

260° 

6:15 

2-7  0° 

6:25 

230° 

Sample 
Finish 

11 

1.0248 

0.7550 

0.31 

Data 
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In  the  neutralization,  1670cc  KCl  were  used. 
Fcst  of  the  salts  yere  eliminated  as  befcrb,  rnd 
500  grams  of  dry  salts  were  obtained,  which  were 
pulverized.   These  salts  were  black  and  tarry  look- 
ing.  In  bringing  the  salts  down  to  dryness  in  an 
electrically  heated  drying  closet,  a  high  tempera- 
ture was  accidentally  maintained  for  about  2  hours. 
Sublimed  crystals  of  resorcinol  were  discovered  up- 
on the  door  of  the  closet  which  fact  accounts  for 
the  subsequent  poor  yield  of  resorcinol. 

1300CC  of  alcohol  were  used  in  the  extrac- 
tion of  the  resorcinol  rn d  the  filtrate  consisting 
of  1230cc  WPS  of  a  dark  red  color. 

The  resorcinol  obtained  by  a  vacuum  distilla- 
tion was  of  a  deep  red  color  due  to  the  presence 
of  considerable  impurities.   Its  melting  point  was 
90  C  and  the  yield  was  12  grams. 
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Fo  ur  t.  h_E  X  p£r  i_m£n_t . 

In  the  fourth  sulfonation,  740  grams  of  A% 
fuming  acid  were  used  with  200  grpme  of  benzene. 
Since  the  graphs  for  the  second  and  third  sulfona- 
tion show  that  no  progress  is  made  and  that  nothing 
is  acconplished  by  heating  the  sulfonation  mixture 
for  more  than  1  hour  at  50  ,  it  ras  determined  to 
cut  the  time  for  the  sulfonation  down  to  2h   hours 
for  this  complete  sulfonation  by  eliminating  l| 
hours  of  heating  at  80°.   The  time  of  sulfonation 
was  therefore  2^   hours  and  3  samples  were  taken. . 
The  data  for  this  run  is  shown  on  the  next  page, 
and  the  progress  and  rate  of  sulfonation  are  il- 
lustrated by  the  accompanying  graph. 

The  conversion  to  the  calcium  salt  and  the 
subsequent  conversion  to  the  sodium  salt  were  followed 
out  as  before,  with  practically  the  same  amounts  of 
reagents.   The  dried  sodium  salt,  of  a  creamy  white 
color,  was  finely  piilverized  and  the  yield  was  650 
grams. 

In  tne  fusion  1-^  NaOH  were  used  with  1'*  of  the 
"silver  salt",  and  the  temperature  was  mfintained 
closely  between  340°  and  345*^  for  2-|  hours.   The  fusion 
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Datp  Sheet  for  the  Fourth  Sulfonetlon. 


Time   Temp.   Remarks   Amount  of  /.mount  of   Equivalent 

Ef-mple     PaSO.       amount  of 


gfams      gramS       100,'^  KgSO. 

per  gram  of 


solution 


10 

11: 

:48 

:03 

60° 
82° 

Start 
made 

11 

:18 

78° 

11 

:33 

77° 

11 

:48 

80° 

Samplfc 

12; 

:0? 

150° 

12 

:18 

257° 

12 
12; 
1; 

:33 
;48 
:03 

265° 
252° 
260° 

Slight 
temp, 
fluct- 
etions 

1: 

;18 

250° 

Sample 

1.4365        .526 


1.0435        .331 


P29! 
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nicss  wr.R  a  drrk  brown  pnd  viscous.   This  wps  dis- 
solved in  about  4  litres  of  water. 

In  the  neutralisation,  1650cc  HCl  were  used. 
The  salts  were  eliminated  as  before,  and  500  grams 
of  dry  salts  were  dtained  which  were  pulverized 
very  finely.   These  salts  were  black  and  tarry  look- 

1450CC  alcohol  were  used  for  the  extraction 
and  the  recovered  alcohol  wa.s  only  1350cc.   The 
filtrate  was  a  deep  red  color  showing  the  presence 
of  considerable  tar. 

The  resorcinol  obtained  by  a  vacuum  distilla- 
tion was  of  a  deep  red  color  showing  the  presence 
of  considerable  impurities.   The  yield  was  only  18 
rrraras. 
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Fifth  Experiments 

In  the  fifth  sulfona  tier. ,  the  sr.me  amounts  of 
benzene  and  ncid  were  used  as  in  the  fourth  experi- 
ment.  The  time  of  sulfonation  was  cut  down  to  2^ 
hours.   The  dstp  for  this  run  is  shovin  on  the  next 
pr.ge,  and  the  progress  and  rrte  of  sulfonation  are 
illustrrted  by  the  accompanying  graph. 

The  conversion  to  the  calcium  salt  and  after 
this,  the  conversion  to  the  sodium  selt  was  ac- 
complished as  outlined  before.   The  dried  sodium 
salt  of  a  creamy  white  color  was  finely  pulverized 
with  a  mortar  and  ^estle.   The  yield  of  the  sodium 
salt  was  670  grams. 

In  the  follow in^  fusion,  a  radical  change  was 
made.   It  was  determined  to  follow  commercial  prac- 
tice, and  in  this  fusion,  2|^  of  NaOK  were  used  with 
1"^  of  "silver  Salt"  and  the  temperature  was  closely 
maintained  betr^een  280°  and  285°  for  6-g  hours.   The 
resulting  fusion  mass  "vas  light  brown  and  viscous 
and  it  was  dissolved  in  about  five  litres  of  water. 

In  the  neutrali'jation,  due  to  the  greater  ex- 
cess of  NaOH,  2600CC  HCl  were  used.   The  major  part 
of  the  salts  werf,  eliminated  as  before  and  625  grams 
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Time 


Temp. 


Data  Sheet  for  the  Fifth  Sulfonei  tion. 

Remarks 


Amount  of 
Sample 

grams 


Amount  of 
BaSO  , 
grfims 


Fquiv3lent 
amount  of 
100,^  H2SC4 
per  gram  of 
solution 


2:30 

60" 

start 
made' 

2:45 

83° 

3:00 

79° 

3:15 

95° 

3:30 

78° 

Sample  1 

1.2928 

3:45 

230° 

4:00 

258° 

4:15 

260° 

4:30 

266° 

1.6300 


.53 


4:45   230°   Sample  2 


1.6050 


1.2945 


339 
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of  the  dry  salts  were  finally  obtained.   These 
salts  were  much  different  from  the  preceding  salts 
in  color,  which  in  thi?  case  "'as  a  li^ht  gray.  Dur- 
ing the  drying  of  these  salts,  the  presence  of  a 
large  amount  of  resorclnol  was  shown  hy   the  sub- 
limation of  long  needles  of  resorcinol  upon  the 
surface  of  the  dry  srlts. 

In  the  extraction,  1450cc  of  alcohol  were 
used  and  1370cc  of  alcohol  were  recovered.   The 
alcoholic  extract  of  resorcinol  was  a  light  or?nge 
color,  which  fact  denoted  the  absence  of  considerable 
tar. 

The  vecuum  distillation  was  made  in  tro  parts. 
The  water  '^hite  resorcinol  distillate  which  crme 
over  at  150  C  during  the  first  pr.rt  of  the  distillate, 
after  a  short  time  began  to  come  out  colored  a  slight 
red.   The  distillation  was  stopped  at  this  point  and 
the  pure  resorcinol  was  extracted  from  the  bulb  with 
alcohol  and  then  the  second  distillation  was  continued 
until  no  further  distillate  was  obtained.   The  final 
distillate  came  out  red.   There  were  22  grams  of  pure 
resorcinol  whose  melting  point  was  109°  which  corres- 
ponded to  a  i-urity  of  about  98.5^^  and  there  were  42 
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grpms  of  the  impure  resorclnol  whose  melting 
point  was  98°.   The  total  yield  was  6^   grpms, 
which  w?s  the  largest  yield  obtained  and  this 
yield  bore  out  the  conclusion  made  from  the 
color  of  the  alcoholic  filtrate  from  the  dry 
salts. 
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Sixth  Ex_£eriment_ 

In  the  sixth  snlTonetinn,    the  same  Pnounts 
of  benzene  and  acid  were  used  as  in  the  fourth 
experiment.   The  time  of  sulfonation  "/as  cut  down 
to  2  hours.   The  dat?  for  this  run  is  shown  on  the 
next  page,  and  the  progress  and  rate  of  sulfona- 
tion are  illustrated  by  the  accompanying  graph. 

The  conversion  to  the  cflciun  salt  tnd  the 
subsequent  conversion  to  the  sodium  salt  were  ac- 
complished as  before.   T'he  dried  sodium  salt,  of  a 
creamy  white  color,  was  finely  pulverized  and  the 
yield  was  685  grams. 

In  the  fusion,  2^^  NaOH  were  used  with  1^  of 
sodium  salt.   The  temperature  was  maintained  very 
closely  between  290  and  295°  for  7^  hours.   The 
dark  brown  and  viscous  fusion  mass  was  dissolved 
in  water, 

2550cc  HCl  were  used  in  the  neutralization  and 
the  major  part  of  the  salt  Tas  eliminated  in  the 
usual  way.   Upon  making  a  qualitative  test  of  the 
salt  residue,  no  trace  of  resorcinol  was  found.   Te 
therefore  concluded  there  was  no  resorcinol  in  the 
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Data  Sheet  for  the  Sixth  Sulfonation. 

Time     Temp.    Remarks     Amount  of    Amount  of 

sample       BsSO^ 
grams        grams 


Equivalent 
amount  of 
100/  E  SO 
per  grsra  of 
solution 


2:10 

60" 

start 

n 

made 

2:25 

80 

2:40 

82° 

2:55 

81° 

3:10 

80° 

Sample  1 

1.3900 

3:25 

80° 

3:40 

130° 

3:55 

265° 

4:10 

220° 

Sample  2 

1.2465 

1.739 


525 


.9640 


,325 
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salts  fs  in  all  our  p^'evious  experiments,  we  got 
8  test  for  resorcinol  in  the  dry  salts.   """e  there- 
fore, decided  that  further  experimentation  was 
useless ,  and  since  our  time  was  limited,  we  de- 
cided to  stop  further  vork. 

To  prove  that  the  decomposition  of  the  H2SO4  in 
sulfonating  at  the  high  temperature  was  negligible, 
all  the  distillate  coming  over  was  caught  in  the  gradu- 
ate containing  500cc  H2O. .  The  final  amount  of  solu- 
tion in  the  graduate  was  114cc,  showing  that  64cc  of 
solution  was  distilled  over.   Of  this  amount,  about  Ice 
was  benzene  which  was  h^^   of  the  amount  originally  used. 

To  test  for  S0£  present  in  the  distillate,  a 
2cc  sample  was  titrated  with  an  iodine  solution  of 
which  Ice  =  .OlSSSglo.   IS.occIg  solution  were  re- 
quired -^  13. 3x. 01238  -  .1646gl2. 

SO2  -h   SH^O  +  lo  — >  K..SO4  i-  2EI 
64    2^4  ^^98 

X    .1646         y 

X  =  .0415 

2cc  of  faulution  -.0415g.  SCr.. 
114 


X  .0415  =  2.3655g.  SOg. 
y  =  .0635g  HoSO^  i  .04l5g  SOg 
2.3655g  SO2   -  3.62g  H2SO 
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After  titrating  the  ?tove  sample  the  total 

HpSO.  present  was  determined  ^ith  BaClg  ?nd  the 

weight   of   BaS04   was    found    to   be    0.1683   grpms.    E- 

quivplent  amount  H2-O4  is  .1683  x  .4201  "  .0707g. 

H2SO4.   HgSO^  due  to  oxidation  of  SQo  -  .0635g/2cc 

H2SO4  present  as  SO3  which  Fas  driven  over  r  .0707- 

.0635  =  .0072g  per  2cc. 

114 

~5~  X  .0072  =  .4104  C-HgSG^  =  .335g  SO3. 

On  the  basis  of  the  amount  of ^cid  used  to  start  with, 

the  amount  decomposed  in  the  process  of  sulfonatlon 

is  plainly  negligible. 
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Di£Cussion_of   5^pp]},s_^ 

Sulfonat_lon: 

In  the  pecond  experiment,  700  grams  of  4J^ 

fuming  8cld  rern  used  with  200  grpme  of  ben.-^ene 

in  the  gtilfonp tion.   The  total  amount  of  solution 

was  therefore  equal  to  900  grams  in  v-hich  there  are 

7  X  100.9  or  70  6.3  grams  of  lOOf^  HgSO  . 
706.5  _  ^ 

;.  1  gram  of  solution  at  the  beginning  of  the  sul- 
fonation  contains  0,785  grams  of  lOOf  H  SO^  and 
this  gives  the  first  point  on  the  curve  for  the 
second  sulfonation.   In  the  seme  manner,  the  first 
points  for  the  other  curves  were  obtained. 

If  no  material  is  lost  during  the  sulfonation 
operation,  then  the  contents  of  the  flask  would  still 
be  900  grams  after  the  complete  sulfonation.   Ac- 
cording to  theory,  200  grans  of  lOO^"^  H2SO.  should  be 
left  after  complete  sulfonation  to  the  disulfonic 
acid,  if  the  start  was  made  with  700  grams. 

200 

900  -"  .223 


'f^rf^'  ^xm/icr/o/v         /?£50/?c//^oi 


\/ZAT/OA/ 


'^^  .  tk\ 


/offo    -9-00     /5CO  ^^^^    /zao     Z.S,       A£o     s^-^    S.oS/1,  /^.f^p/7.^P 


9  W'V  O/^^K 

Lm /7^(P    '^SP    /S70  ^^i,     /^SO  33.8  /(^'£^      ^fi'      /^7o  ^^'f-^o  -^o.r^ 


'?£:^<67o,S00    /300^f^  /Z30    /^     ""TA     ^^' 


/?£0 


\L/6^T\ 


yv^  /  Ttr 


4fK 


SC/MMy^ffV    s^Err 


coA/i//r/r>5/o/y 


rc>5/o/\/ 


W'llM'^ 


6S-0    200     /6'o    3o7,  2S-3-°    —     3i        —       —     Z^s-  jsoo   6^o    /^^    /,cj      .■^s     7s7,    /        —     ^■fo    /%     ZZ^   '""^    "f-""    ^""'  "l^^p     ^'^'">    ^^      ^^e    st"    g.osP,  /i.f^/y.sTo 


^oo  \-fa%\zis'\  .M-\ji        /     \  scrz\  ^(o  \Soe>\  e-^"]  7<e'f\/i'     \  ss   \/63/\    /    \.,iir\jzo\   &     \yeLLt)»\/7e-0\-^s-o\/s-7o\^^f\/4-so\39.8\A^-v\98' 


/     yZ'f-F-X^oo    \3oo\63S-\   7^^    /i     \.93    l/^JT.]    / 


\ZiO     ■f~f-%\il70° 


7*0    zoo    i^O     *e%  \£66°    .3*      Z»  /        6?7^    ^■fO  \  3/0     (>7e    y'^'f     zi- 


Soo\/3eoY^fo\ 


t    S      V 


i,4.0      ^8%  \£.iS'\.3Zr\    i       \     /       \  73%\  3^0  \3/0      6f-6'\   7Z4>\  ^i      \/.S'3    \3'f^P7i\     /  ys'^SzSB       74-    \aitmA,iiSS-0 


6.^7\/o./  f,\/'> 
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.  .  the  final  concentrBtion  of  HgSO^  left  in  the 

contents  of  the  flp.sk  if  the  sulfonp-tion  to  the 

dl-Bulfonic  acid  is  complete  should  be  0.223  grpms 

100^  Kg'O.  per  gram  of  solution. 

To  complete  the  mono-sulfon? tion  for  200 

grams  of  benzene,  251.7  grams  100^^  ^q^^a  ^^®  ^®" 

quired.   The  st?rt  was  made  with  706.3  grams  100/^ 

H2SO4.   706.3  -  251.7  =  454.6  grams  lOO.C  H2SO4 

which  should  be  left  after  the  sulfonation  to  the 

mono-sulfonic  acid  is  complete. 

454.6  , 
900     0.505  grams. 

:•  the  fine!  concentre tion  of  H^SO^  after  the  mono- 
sulfonation  is  complete  should  be  0.505  grams  100^ 
HqSO^  per  gram  of  solution. 

It  will  be  observed  in  the  curve  for  the 
second  sulfonation,  that  all  the  time  betveen  the 
first  and  third  hours,  equal  to  two  hours,  resulted 
in  no  change  in  the  concentration  of  the  acid  as 
determined  by  the  analyses  made.   This  part  of  the 
curve  is  designated  by  a  straight  line  corresponding 
to  a  concentration  of 
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El^out  0.5  grams  of  lOO;'?'  Hg^O^  per  grem  of  solu- 
tion.  In  the  third  curve,  this  strfight  line 
corresponds  to  about  a  concentration  of  .52  grams 
100^^  HgSO^  per  gran  of  solution.   The  fbove  two 
concentrations,  rithin  the  limits  of  analytical 
error,  correspond  very  closely  to  the  calculations 
previously  sho'vn  for  the  concentration  of  acid  af- 
ter complete  nono-sulfonation  is  accomplished.   In 
other  words,  our  rnf lytical  data  and  theory  agree 
that  complete  mono-sulf onation  has  been  accomplished 
after  one  hours  heating  at  or  near  the  boiling  of 
benzene.   ^^ith  this  fact  established,  in  the  fourth, 
fifth  and  sixth  experir.ents ,  ve    heated  at  30°  for 
only  one  hour,  j nn  analysis  after  this  perioa  of 
heating  confirmed  the  previous  results  established 
that  the  mono-sulf ona tion  is  complete  after  tl is  time. 

As  previously  shown,  if  the  di-sulf onation  were 
complete,  the  final  concentration  of  acid  ought  to  be 
.223  grams  100;1  H  SQ^  per  gram  of  solution.   But  the 
concentrations  obtained  analytically  and  shown  by  the 
graphs,  differ  very  i^idely  frora  this  quantity.   The 
concentrations  are  for  sulfonation: 
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JIo.2-  .35g./£'  of  sol. 

No. 3-  .3l£./e.  "  " 

No.  4-  .33g./o-.  "  " 

No. 5-  .34c./^.  "  " 

No.e-  .325c/g-   "   " 

From  the  above,  the  conclusion  is  drawn  that  the 
sulfonation  did  not  go  completely  to  the  disulfonlc 
acid.   As  no  means  were  known  to  make  r  direct  quanti- 
tative test  of  the  di-pulfonic  acid  actually  present, 
we  determined  this  percentage  from  the  curves  in  the 
following  manner: 

Take  the  second  experiment  as  an  exam.ple.   Complete 
sulfonation  to  the  di-sulfonic  acid  corresponds  to  a 
concentration  of  .2?.7)   grams.   Complete  sulfonation  to 
the  mono-sulfonic  acid  corresponds  to  a  concentration 
of  .505  grams.   Between  the  concentrations  of  .505 
grams  and  .223  grams,  the  various  percentages  of  the 
benzene-di-sulf onic  acid  are  shown  by  the  different 
concentrations  starting  with  0'^,   di-sulfonic  acid  at  a 
concentration  of  .505  grams  and  lOOf^  di-sulfonic  acid 
at  a  concentration  of  .223  grams.   In  curve  ^2,  the 
concentration  after  complete  sulfonation  is  .35  grams. 
.505  -.223  =  .282  grams  or  change  in  concentration 
necessary  for  complete  sulfonation. 
.505  -.35  =  .155  grams  or  change  in  concentration 
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actually  accomplished. 

.155 

.282  =  55,-1 

*•  In  the  second,  the  sulfonation  was  only  55^ 

complete  and  following  this  out  the  sodium  salt 

would  only  be  55f,   di-sodium  sulfete,  the  other 

45fj   being  the  mono-sulfonate. 

The  third  sulfonation  wrs  only 
.505-. 51  ,  .195 
.505-. 24P  -  .263  -  74f,   complete. 

The  fourth  sulfonation  was  only 
.505-. 55     .175 
.5C5-.268  -    .247  -  life   complete. 

The  fifth  sulfonation  was  only 
.505- .54     .165 
.505-.  258  ~    .247  ^  67,^  complete. 

The  sixth  sulfonation  ?ras  only 
.505-. 525    .180 
.505-. 258  -  .247  '  73,<  complete. 

It  can  therefore  be  seen  that  the  yield  of 
resorcinol  ought  to  be  multiplied  by  a  factor  de- 
pending on   the  purity  of  the  sodium  salt,  to  de- 
termine the  real  ef"f"iclency  of  the  operation. 

The  different  efficiencies  of  the  resorcinol 
yields  are  obtained  in  the  following  manner: 
The  theoretical  yield  of  resorcinol  from  200  grams 
of  benzene  is  284  grams.   In  the  second  experiment, 
the  yield  was  39.8  grams.   The  efficiency  on  the  ben- 
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5Q.8  X    100 
zene   basis    is  284  or   14;^.      ^'.ssiiminc    100^ 

rodiura-'benr.ene-rli-sulfonate,    the   efficiencj^    is 
39.8  X    100 

178     or  22.45.   But  the  second  sulfonftlon 

was  only  55^  complete.  .*  •  the  reel  efficiency  e- 

100 
quals   55   x  22.  Af,   or  40. 8f^.   In  the  spme  manner, 

the  different  efficiencies  for  the  other  resorcin- 

ol  yields  '"ere  calculated  and  these  are  shown  in 

the  summary  sheet. 

II     It 

According  to  J'uhlhauser  (Dingl.  Polyt.  J. 

1667,263,154)  the  yield  Ox    resorcinol  based  on 
125  kilos  of  sodium  ben'^ene -di-sulfonate  Is  20  to 
23  kilos  and  Schoop  (Zeitsch.  Chem.  Ind.  1887,2,1) 
gives  30  kilos  of  crude  resorcinol  'vhlch  is  equiva- 
lent to  24-25  kilos  of  pure  resorcinol,  as  his  yield, 
Since  48.7  kilos  is  the  theoretical  yield  from  125 
kilos  of  sodium  salt,  the  above  figures  correspond 
to  an  efficiency  of  7)9<.   to  b2%» 
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From  the  Berichte  der  Deutschen  Chemischen 
Gesellschaft,  page  3162,  Vol  47,  III,  the  folloF- 
ing  is  noted,  "10  grf-ms  Eodiiim-benzene-di-pul- 
fonate  were  heated  at  250°C  for  30  hours  with  6 
grams  NaO?I  in  50cc  K2O;  the  reaction  mixture  res 
colored  a  pale  yellow.   When  acidified  vith  H2SC4, 
Eulfurous  pcid  escpped  and  no  trfce  of  resorcin  was 
obtained  b^^  extraction  '"ith  ether.   The  solution, 
neutralized  rrid  run  dov'n  to  dryneRs,  was  extracted 
with  alcohol;  '"hen  sul:'"ate,  sulfite,  and  unchanged 
di-sulfonate  salt  were  left  behind.   45  grams  of 
sodiura-phenol-sulfona.te  (TSJ^  theory)  were  obtained 
from  the  alcoholic  extract.   Upon  heating  to  300°, 
only  the  phenol-sulfonic  salt  was  obtained  as  before. 
Experiment_w_ith  0a_(_OH)2J_ 

"From  5  grams  of  sodium  benrene-di-sulfona te, 
only  3  grams  of  soaiur;-phenol  sulfonrte  (11,'^  theory) 
were  obtained  when  the  fusion  was  made  in  a  me- 
chanically agitated  autoclave  for  11  hours." 

Dr.  Paul  Degener  in  the  Journal  fttr  praktesche 
Chenie,  Vol  (2)  20,  S319  in  reference  to  the  action 
of  molten  al'':alles   on   the   ben^eiie-ul-sulfonF  tee   arm 
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and  rnete-phenol-rulfonate  sv'jb,    "This  action  hrs 
already  been  the  subject  of  several  InvestigaticnE . 
llSltinc  (Perichte  Berliner  Chemische  Gesellschaf t. 
Vol.  8,  P.  1110)  and  victor  T'ieyer  (Lieb.  Jehres- 
berichte  1871,  3677)  obtained  resorcin  from  sodium- 
benzene-di-pulfonate.   According  to  another  publica- 
tion, (Annflen  Chernische  Pharm.  174  P. 235.  Lieb. 
Jahresberichte.  1874,  S676)  they  obtained  PO-95,':^  of 
the  theoretical  yields  of  resorcin  thru  fusion  v.'ith 
alKeli.   Garrik  (Zeitschrift  ftir  Chemie  1869,3.549) 
obtained  close  to  the  tlieoretical  yield  by  heating 
with  KOH  for  2-3  hours  st  230°C.   Earth  and  Sennhofer 
(Berichte  Berliner  Chernische  Gesellschaft  V.9  P. 972) 
finally  proved  that  the  fusion  of  n-phenol-aulfonate 
with  KOH  at  250°  c^ve   70-QQf.   of  the  theoretical  yield 
of  resorcinol  free  froni  its  ortho  and  para  Isomers. 
The  first  product  of  the  reaction  is  known  to  be  the 
meta-phenol-sulf onate  as  desribed  by  Earth  and  Senn- 
hofer.  (Das.  S.  969). 

C6E4(S03K)2 -f-  KOK   — >.   C6H4OK  SOsK-f-KHSOs 
The  benzene  para-snd  raeta-di-sulf onates  are  convert- 
ed in  this  manner  to  the  meta  compound.   (Das.  S.969) 
It  was  therefore  not  necessary  to  separc  te  the  two  a  cids 
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especially  as  these  chemists  stated  thnt  when  the 
meta  acid  was  formed  by  heating  the  benzene-mono- 
sulfonlc  acid  with  an  equal  weight  of  fumin(j  sul- 
furic r.cid,  the  meta  acid  was  almost  al'vays  con- 
taminated by  only  very  small  quantities  of  its 
isomers 

The  salts  of  the  benzene-di-sulfonic  acids 
used  in  the  following  experiments  were  prepared  ac- 
cording to  the  above  outline  and   purified  as  much  as 
possible  by  repeated  crystallization.   ThE  salts  vere 
dried  at  130-140°C  and  analyzed  with  the  follov ing 
results:   .635  grams  sodium  benzene-di-sulf onate 
gave  .313  grams  Na^SO^.   The  theoretical  pmount  is 
.318  grams.   Therefore  the  salt  was  98f:   pure.  1.055 
grams  of  potassuion  benzene-dl-sulfonate  fave  0.578 
grams  KgSO,  which  is  equivalent  to  98.97/?  pure.  Both 
of  the  above  salts  were  free  from  alkali  chlorids.  .  .  . 

In  Ex.  57  and  63,  the  fusion  mass  obtained  was 
poured  into  '^'ater  and  then  treated  vith  the  calculated 
amount  of  acid.   It  was  then  exactly  neutralized  vith- 
out  further  heating.   The  dried  salts  were  freed  as 
much  as  possible  from  the  sulfaties  by  crystallization  and 
the  resulting  salts  were  extracted  with  alcohol  in 
an  extraction  apparatus,  the  operation  being  performed 
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completely  by  severel  mp.nipulations.   The  reKorcln 
obtained  in  the  reins inin^j  experiments  v^as  extracted 
with  ether  from  the  acidified  melt,  the  ether  was 
driven  off  and  the  re'^ldue  was  taken  up  7ith  cone. 
HCl  for  a  quantitative  determination  of  the  resor- 
cinol.  .... 

These  reF.u?-ts  show  thrt  that  EOK  is  more  ener- 
getic r,nd  works  at  a  lo"?er  temperature.   The  NaOH 
generally  gives  smaller  yields,  but  on  lengthening 
the  timi^;  of  fusion,  the  difference  in  behavior  of  the 
two  alkalies  becomes  less  noticeable.  ... 

In  KOH  fusion,  the  best  yield  of  resorcinol  is 
obtained  between  235°  and  270  .   Stronger  heating  is 
destructive,  especially  when  there  is  a  small  amount 
of  KOH  present,  while  with  the  same  or  a  smaller  a- 
mount  of  NaOK-  if  the  absolute  instead  of  the  molecular 
weights  are  taken-  no  decomposition  is  noticeable.   ft 
higher  temperatures  and  longer  fusion  periods,  it  seems 
unnecessary  for  KOH  as  well  as  NaOH  fusions,  to  add 
more  than  12  molecules  of  alkali,  while  a  smaller  mass 
works  unfavorably." 
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(let  Series)  Rennltg  of  rbove  Experiments. 

No.  of  '"t.  of  Wt.  of   Temp.      Time  Peso  re  in  Ketp 

Exp.     CgH4  KOH  o1-t?ined  phenol 

(SO^K)  pulfonic 

"^      '^  fcid  ottrin 

ed. 

57  72  £.  255G.    1700-iao0   o  hrs.  100^ 

58  8  ^b  9.6     270-280    10  min.  2.69,^   

59  6  ■'2.8     250-260    20   "  25.87,'^    

60  6.3  27.4     225-235    20   "  24,-^      

61  6.3  26.9     250-260    20   "  20.09,-^    

62  15.5  66.3    250-255    30   "  25.94,^   ---  - 

63  6.3  27       270-230    20   "  21.44,'^    

Second  Series. 

No   of  Ft.  of  V.'t.  Te-rap.  Time.  Re?.orcin  ?:eta 

E-n    C,K.  NaOH  obtrlned  phenol 

"^    (§0>)<.  sulfonic 

'-'  -^  scld 

obtPined 

64  64gr.  250  gr.  170-180°  2ihrs.  74.2^ 

65  5.2  16.1  210-218  20  min.   1.57^^  

66  8.45  6.8  245-255  20   "     ^^'^^^  

67  5.7  9.12  250-260  20   "     17.34^  

68  5.7  9.12  270-280  20   "    21.11,^  

69  7.6  23.5  2.50-240  20   "     13.442  

70  5.2  16.1  225-235  20   "     13.28g  

71  5.2  16. 1  245-255  20   "     18- ^l^  

72  5.2  16.1  270-280  20   "     14.04/.  

Third  Series. 

No.  of   Wt.  of     Wt.    V;t.      Temp.    Time    Resorcln 
Exp.     CgH4       KOH    NaOK 
(SO^NP)^ 

73  5.7       6.7      4.5     250-260  20min.   20.49^ 

74  5.7       13.5     9.1     225-235  20  "     16.75,^ 
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ConcluR  ions. 
From  the  experimental  data  obtained  from 
the  perfomfnofc  of  tliiB  thesis,  the  ruthors  derive 
the  follov'in^'  conclusions: 
Sulf  onat  i^o]! : 

(1)  In  sulfonating,  it  is  not  necessrry  to  heat 
more  then  1  hour  at  or  near  the  boilin£;  point  of  ben- 
zene to  obtain  complete  mono-sulf onation.   Present 
commercial  practice  heats  for  2|  to  3  hours  at  this 
tempers ture. 

(2)  The  fact  that  the  sulfonation  in  all  the  ex- 
periments stop  at  about  a  concentration  equal  to  .33 
grams  100ft  HgSO^  per  gram  of  solution,  leads  the  au- 
thors to  believe  that  either  a  higher  concentration 
than  A-fo   fuming  acid  ought  to  be  used,  or  a  higher 
temperrture  ought  to  be  obtained  in  the  latter  part 
of  the  sulfonation;  or  both  the  above  improvements 
should  be  utilized. 

If  a  higher  concentration  of  acid  is  used, 
some  means  to  recover  the  excess  acid,  similar  to 
the  plan  outlined  in  Dennis'  patent  stated  before, 
ought  to  be  evolved. 
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(3)     It  Is  apparent  from  the  quantitative  de- 
termination made  that  the  decomposition  of  the 
H2SO4  during  the  sulfonation  at  ^65°  is  negligible. 
If  the  nono-sulfonation  is  completed  before  the 
high  temperature  is  reached,  there  will  be  no  loss 
of  benzene. 
Conver£ion_to  the  Calc_ium  S&]L^tj_ 

In  the  conversion  to  the  calcium  salt,  the 
lime  should  be  thororighlj'  slaked  for  a  prompt  re- 
action and  no  great  excess  should  be  used;  for  that 
would  add  to  the  amount  of  NarjCC  needed  in  the  next 
operation. 
Conver£ion_to  the  Sodium_salt : 

In  the  conversion  to  the  sodium  salt,  care  must 
be  taken  that  no  excess  is  used  as  the  NarCO-?  stays 
in  the  salt  thft  is  fused  and  this  leads  to  bad  re- 
sults for  the  fusion  operation. 
Pu_s  i£nj_ 

The  data  made  available  ty  our  expei'iments  leads 
the  authors  to  the  conclusion  that  the  best  yields  of 
resorcinol  are  obtained  in  the  fxisions  where  the  higher 
amounts  of  alkalies  are  iised  at  a  lover  temperature 
and  longer  time  of  fusion.   To  be  specific,  our  best 
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resultr  rert;  obtriner"  in  the  fifth  experinent 
where  ve   used  2W   NaOH  with  1^  sodiura  salt  et   e 
temper? ture  of  280° -285°  for  6j  honr? .   Under 
the  pbove  conditions,  it  would  be  rdvisr/ble  to 
obtain  some  method  of  recovery  of  the  free  waOH 
after  the  fusion  is  complete. 

The  conclusion  to  be  drfvn  from  the  fact   thpt 
considersblc  tar  is  formed  in  tlif-  fusions  vhere  a 
low  concentration  of  NaOH  anr*  hi^^h  temperrture  ere 
maintained,  is  that  the  sodium  resorcinpte  is  first 
formed  but  ir    soon  decomposed  at  the  high  tempera- 
ture of  the  fusion  mass  and  in  th^  presence  of  the 
plkali.   In  our  experiments,  the  presence  of  so 
much  tpr  can  be  recounted  for  hy   the  fact  that  the 
phenol  formed  rs  the  result  of  so  much  mono-sul- 
fonate,  wa«=  much  more  susceptible  to  decomposition 
th?.n  the  rosorcinol. 
N  eu  t  r  a  1^  i  z^p  t^  1  o  n  j_ 

In  acidifying,  the  acid  should  be  added  from 
the  bottom  of  the  solution,  which  absorbs  the  '^Og 
and  thus  cuts  down  the  amount  of  acid  actually  re- 
quired.  No  excess  of  the  acid  should  be  used  as  it 
forms  the  hydrochlorid  v/ith  the  resorcinol. 


72. 


Preparat_ion  £f'_'thf^_Dried_S£ltsj_ 

A  better  and  quicker  extrection  of  resorcinol 
from  the  dried  sslts  is  accomplished  by  having  the 
salts  ground  fine. 
Fxt-r8ction_|_ 

From  our  observr.tlons  rnd  "'or!-:,  it  in  stlf- 
evident  that  alcohol  is  a  very  desirable  solvent 
to  be  used  for  the  extrpction  of  the  resorcinol 
from  the  salts.  Its  adaptability,  ease  of  hand- 
ling, cost,  and  efficient  recovery,  make  it  most 
adrD?r8ble  for  this  use, 
Re^o  re  i^no  l_?ur_if  _ica  t  J.on : 

To  our  minds,  the  most  efficient  mrnner  that 
this  can  be  accom^ lished  is  by  ratans  of  a  vacuum 
distill? tion.   Ordinarily  resorcinol  boils  at 

276. 5*^0.   Fith  a  i,ooc\    vacuum  it  comes  over  et 
150°C.   This  dobs  rway  v ith  the  necessity  for  p 
high  temperature  end.   as  a  consequence,  no  decom- 
position of  the  resorcinol  occurs. 


